INTRODUCTION
: AEROBIC PROCESSING The list included traditional goals as well as those specific to the processing of CELSS inedible biomass.
The following section identifies the primary design objectives established for the development of an Intermediate-Scale Aerobic Bioreactor (I-SAB).
_;olids
Loading Many industrial aerobic fermentation processes operate with solids loading as high as 50 g L"I, however these high concentrations can only be maintained under special circumstances (6). Chemical anti-foams or mechanical foam breakers are often employed to control the foaming problems associated with these highly aerated systems (7).
Additionally, the feed stream for many of these processes is soluble and the mixing problems associated with insoluble substrates is absent. Most waste-water treatment facilities maintain solids loading no higher than 5 g L"1(6). Because of the low loading rate, these systems require minimal or no use of antifoams and do not require high gas sparging rates. This is desirable since it is not likely that chemical antifoams would be available in an operational CELSS and high gas sparging implies a high energy cost. In order to minimize fluid working volume, a high solids loading rate is preferred, however, the use of anti-foams or complex mechanical foam breakers is not. Therefor, the bioreactor was designed to handle a solids loading of 50 g L-1 or less, and do so without the aid of chemical anti-foams or a complex mechanical foam breaker.
Working
Volume -The bioreactor should be capable of processing working volumes ranging between 6 end 12 L. This allows for a wide range in operational parameters such as the dilution rate (ratio of in-flow rate to working volume) and the overall production rate of the bioreactor. For example, given a typical dilution rate of 10 day "_, the flow rate through the reactor would be 0.6 and 1.2 L day -_ for a 6 and 12 L working volume respectively. It was determined that these flow rates would be high enough to support future plant growth studies (8).
Mixin,q and Aeration -A primary design
objective was that uniform mixing of the solid, liquid, and gas phases be achieved. Effective power input implies good mixing by the impeller and the gas sparger. It is important to ensure that the impeller Reynolds Number is high and therefore in the turbulent range.
The oxygen mass transfer coefficient, kta, is intimately tied to the mixing characteristics and must be maintained at a level that is not limiting to the biodegradation process. Typical values of kLa range between 3E-4 and 3E-3 s"_for waste water treatment and up to 0.1 s1 for bacteria and yeast fermentations (6). It has also been shown that the minimum dissolved oxygen concentration, above which 02 is not limiting to microbial growth, ranges between 0.1 and 1.6 mg L "_ (7). Therefor, the aeration and mixing systems should sustain adequate values of I_a and maintain the DO above 1.6 mg L"_.
Feeding and Harvesting
As previously discussed, feeding and harvesting during the shakerflask studies were labor intensive and time consuming.
Sinceit wasanticipatedthat I-SABwould be usedin long duration studies (up to 6 months), it was important that theseprocesses beimproved. For this run, daily CO z production was stable from the start, with a slight increase from 2.9 at the beginning to 3.8 g C02-C per day at harvest. C02 production during the first seven days was higher than anticipated and does not correspond to the slower build up of dry weight losses. The soluble organic compounds that are "leached" from the crop residues are more easily and rapidly degraded than the cellulose and hemicellulose structural polysaccharides that account for ca. 50% of BPC wheat crop residues (1). The high CO= production rates early in each run probably reflect the rapid growth Response variables for the bioreactors were CO 2 production and inorganic content of the bioreactor effluent. Figure 5 
